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CROSS-APPALACHIAN TRACER EXPERIMENT (CAPTEX '83) DATA REPORT

Gilbert J. Ferber, Jerome L. Heffter, Roland R. Draxler,
Raymond J. Lagomarsino, Freddie L. Thomas,
Russell N. Dietz, Carmen M. Benkovitz

ABSTRACT. The Cross-Appalachian Tracer Experiment (CAPTEX '83) was a
major field study using a perfluorocarbon tracer to simulate the long-
range transport and diffusion of pollutants in the atmosphere. The
experiment consisted of 7 tracer releases, 5 from Dayton, Ohio, and 2
from Sudbury, Ontario, during mid-September through October 1983.
Automatic, sequential ground-level samplers were operated at 80 sites
in the northeastern United States and southeastern Canada at distances
of 300 to 1100 km from the release sites. About 3000 3- and 6-hour-
long samples were collected in the sampling network during CAPTEX. To
determine the vertical distribution of tracer, seven aircraft collected
over 1600 samples at various plume transects from 200 to 900 km from
the releases. The regular rawinsonde observations in the CAPTEX
sampling area were increased to 4 times daily following each release,
and 10 additional rawinsonde stations were established to fill spacial
gaps in the regular network while operating on a similar time schedule.
In addition, constant-level balloons were released at the sources and
tracked for distances up to 1000 km. Tracer from each of the seven
releases was successfully sampled at the ground and in the aircraft.
Ground concentrations over 300 times background were measured at the
closest sites and over 30 times back-ground at the outer sites. Con-
centrations over 300 times background were also measured by the
sampling aircraft. This report describes CAPTEX and includes all
ground-level measured concentrations in tabular form, and a discussion
and a concentration map for each release along with data quality
assurance and sampling performance results. The report also includes
aircraft-measured concentrations in tabular form, and maps of the
flight paths over which the data were collected.

1. INTRODUCTION

Atmospheric transport and dispersion models are being used extensively to
simulate the behavior of air pollutants and to estimate regional pollutant con-
centrations. Increased concern over regional and international aspects of air
pollution and acid deposition has created a need for model calculations as far
as 1000 km from pollutant sources. Experimental verification of these calcula-
tions is essential for environmental assessments based on model simulations.

The Cross-Appalachian Tracer Experiment (CAPTEX '83) was a major field
study to simulate long-range transport of pollutants in the atmosphere. The
experiment was a cooperative effort carried out by scientists in the United
States and Canada from mid-September through the end of October 1983. The main
objectives were to test the tracer technology.for application to 1000-km-scale
studies, to provide data to evaluate and improve computer models of pollutant
dispersion, and to provide insight into the mechanisms involved in long-range
transport and dispersion.



The experiment was directed by the NOAA Air Resources Laboratory (ARL).
Participants in the United States included the National Weather Service (NWS);
the Department of Energy (DOE) and associated laboratories--Environmental
Measurements Laboratory (EML), Brookhaven National Laboratory (BNL), Battelle
Pacific Northwest Laboratury (PNL), and Los Alamos National Laboratory (LANL);
the Environmental Protection Agency (EPA); and the Electric Power Research
Institute (EPRI). In Canada, the experiment was coordinated by the Atmospheric
Environment Service (AES) of Environment Canada, with participation by the
Ministries of Environment of Ontario and Quebec and the National Aeronautical
Establishment of the National Research Council.

Development of a tracer system suitable for long-range atmospheric disper-
sion experiments was begun jointly by the Department of Energy and the NOAA Air
Resources Laboratory in 1975. After investigation of many candidate tracers, a
perfluorocarbon (perfluoro-monomethyl-cyclohexane [PMCH]: CyFj4) was chosen.
Released as a gas, it is inert, harmless, and can be aciurately measured at its
ambient background concentration of about 3 parts in 10 > parts of air. Tracer
was released from Dayton, Ohio, on five separate occasions and from Sudbury,
Ontario, on two occasions. These locations were chosen, in part, because the
Ohio Valley and Sudbury are pollutant source areas that may significantly affect
air quality and acid deposition in the northeastern United States and
southeastern Canada.

Automatic sequential air samplers were operated at 86 sites in Ohio,
Pennsylvania, New Jersey, New York, New England, and southeastern Canada, at
distances from 300 to 1100 km from the release site. The tracer was released at
ground level over a 3-h period on days when the lower atmosphere wind flow was
forecast to carry it over the sampling network. In the United States, most of
the samplers were operated by volunteers in the NWS Cooperative Observer
Network. In Canada, most were located at government-operated monitoring sta-
tions. After each tracer release, the samplers collected six consecutive air
samples, from 3 to 6 hours long, to provide a time history of the arrival, peak,
and departure of the plume at eacnh site. About 3000 samples collected by this
network have been analyzed by EML and BNL.

Seven aircraft were flown by BNL, PNL, and the National Aeronautical
Establishment of Canada to gather data on the vertical distributions of the
tracer. Over 1600 samples were collected in plume transects from 200 to 900 km
downwind of the release point.

NWS and Canadian rawinsonde stations in the CAPTEX area increased their
upper-air soundings from twice daily to four times per day whenever tracer
material was in the air. Ten additional upper-air sites were established and
operated on the same schedule as the NWS stations by PNL under contract to EPRI.
The NOAA Wave Propagation Laboratory operated an Upper-Air Profiler at Glens
Falls, New York, and auxiliary meteorological tower data were made available by
power companies in the CAPTEX area. Also, constant-level balloons were released
when the tracer was released, and they were tracked for distances up to about
1000 km.

Tracer concentrations were measured as far as 1100 km away and up to 3 days
after release. The data reveal a variety of transport and dispersion patterns--
some simple, others more complex--that provide a unique testing ground for vali-
dation of the transport and dispersion components of long-range pollution
models. The CAPTEX data are available on magnetic tapes from the CAPTEX Data

Center at BNL.
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This report updates and expands the CAPTEX '83 preliminary report (Ferber
and Heffter, 1984).

2. TRACER RELEASES

The tracer, PMCH, is liquid at normal temperature and pressure, so the
release system is designed to vaporize the tracer and accurately measure the
amount released into the atmopshere. The PMCH is mixed with a stream of nitro-
gen gas to evaporate it and carry it through the system. The Np-PMCH mixture
then flows through a tube furnace that is kept at a temperature of about 105°C
to ensure that the tracer is completely vaporized. The tracer gas passes
through a mass flowmeter where the volume is accurately metered and recorded on
both a mass flowmeter totalizer and a stripchart recorder. The mass flowmeter
provides both instantaneous and totalized volumes. The recorded release rate
shows the constancy of release of the tracer and total output over the time of
release. The system also includes a large set of crane scales (0-454 kg) and a
small balance (0-40 kg) to weigh the tracer reservoir accurately before and
after the release, thus providing a check on the total amount released.

The location, date, time, and amount of each of the seven CAPTEX tracer
releases are given in Table 1. Release sites are designated by an "R" in Figure
1. The first release from Dayton, Ohio (DAY) was done at Wright-Patterson Air
Force Base; the other Dayton releases were at the Dayton International Airport.
Note in Table 1 that all releases were 3 hours in duration except for #6, a
release of only 32 kg over a half-hour period. This small release amount was
intentional, so as to avoid any possible interference with measurements of the
tracer plume from a planned Sudbury, Ontario (SUD) release about 12 hours
later.

Releases were planned for the early afternoon to assure good vertical
mixing of the tracer. However, both Sudbury releases took place after midnight
behind cold fronts (also with good vertical mixing) that provided northwesterly
winds required to carry the plumes over the sampling array. All CAPTEX tracer
releases were at ground level.

Table 1. CAPTEX tracer releases

ReTease  Release  Lat. Cong.~~ “TDate  Release Period  Amount
(#) (Site)  (°N) (°W) _ (1983) M) (kg)
1 DAY 39.80 84.05 Sept. 18 1700-2000 208
2 DAY 39.90  84.22  Sept. 25 1705-2005 201
3 DAY 39.90 84.22 Oct. 2 1900-2200 201
4 DAY 39.90 84.22 Oct. 14 1600-1900 199
5 SUD 46.62 80.78 Oct. 26 0345-0645 180
6 DAY 39.90 84.22 Oct. 28 1530-1600 32
7 SUb 46.62 80.78 Oct. 29 0600-0900 183
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3. GROUND-LEVEL AIR SAMPLING

The CAPTEX sampling sites are shown by the circles in Figure 1. The sites
were arrayed in arcs, at approximately 100-km intervals, from 300 km to 1100 km
from the Ohio release point. A three-digit number identifies each site. The
first digit indicates the distance of the arc from Dayton, in hundreds of kilo-
meters. The last two digits indicate position along the arc from south to north
(sites in the United States start from 02 and Canadian sites start from 52).

For example, site 406 is a U.S. station on the 400-km arc, and site 454 is a
Canadian site on that arc. The location, elevation above mean sea level (msl),
latitude, and longitude of each sampling site are listed in Table 2.

The spacing of samplers along each arc approximates expected two plume
standard deviations (intended to ensure plume measurements at two or more sites
along each arc) and increases linearly with distance from Dayton. The density
of sampling sites on the 800-km arc, passing through New York and New Jersey,
was doubled to provide more detail on plume structure. Several additional
sites were placed just north of Lake Ontario to ensure that plumes from Sudbury
would be measured at about 300 km, where the plume could still be fairly narrow.

The automatic sequential sampler used at each site consists of an air flow
module (1id) and a power control module (base). The entire unit measures
36x25x20 cm and weighs 7 kg (15 1bs). The 1id contains 23 sampling tubes filled
with 150 mg of Ambersorb that traps all the perfluorocarbons in the air flowing
through the tube. The base contains a constant-volume pump that draws air
through each sampling tube in a sequence controlled by an internal digital
clock. Flow rates, controlled by critical orifices, are selectable from 2 to 50
cm3/min.  The 50 cm3/min orifice was used for CAPTEX. The base also contains a
digital printer that records the tube number, start time, and number of pump
strokes (which are Tater converted to air volume) for each sample. Controls in
the base can be set for automatic start at a preselected day and time and for a
preselected number of samples and duration of sampling (1 minute to 1 week per
tube). The controls also permit automatic analysis with a gas chromatograph.
Power is supplied by internal rechargeable batteries, or the sampler can be con-
nected to an ordinary 110 VAC Tine. After 23 samples have been collected, the
1id can be replaced by a fresh 1id to continue the sampling program.

At the time of each tracer release, each sampling site was notified by
telephone when to start sampling. Samplers nearest the release point were
started a few hours before the expected arrival of the plume; the next group of
samplers were started either 3 or 6 hours later; and samplers farther downwind
were started at 6-h intervals thereafter. Usually, six consecutive 6-h samples
(total duration of 36 hours) were taken at each site; however, sites closest to
the release point generally took 3-h samples (total duration of 18 hours) for
better definition of the plume. A1l operable samplers were used in each experi-
ment regardless of the forecast direction of travel, with two exceptions: the

300-km-arc samplers were not used on release #5 from Sudbury, and the Canadian
sites were not used on release #6 from Dayton.

The CAPTEX ground sampling data for the seven tracer releases are presented
in Tables 3-9. Sampling sites are listed by arcs, beginning with the 300-km arc
and ending with the 1100-km arc. Measured concentrations in femtoliters per
liter (parts in 1015) are shown for the nearest 3-h period during which sampling
was done. Sample duration, either 3 hours or 6 hours, is indicated immediately
following the site number. Concentrations measured in a 6-h sample are reported

5



Table 2. CAPTEX sampling sites

Site Site Elevation Latitude Longitude
(#) (location) (m, ms1) (°N) (°W)

United States

302 Hundred, W.VA 354 39.65 80.42
304 Wheeling, W. VA 198 40.07 80.73
306 Steubenville, OH 303 40.38 80.63
308 Lisbon, OH 333 40.77 80.75
310 Akron-Canton AP, OH 369 40.92 81.43
312 Hiram, OH 375 41.30 81.15
314 Cleveland (WSFO), OH 235 41.42 81.87
316 Oberlin, OH 249 41.30 82.22
318 Norwalk, OH 204 41.27 82.62
320 Fremont, OH 183 41.33 83.12
402 Somerset, PA 640 40.00 79.08
404 Blairsville, PA 561 40.43 79.15
406 Kittanning Lock, PA 241 40.82 79.53
408 Clarion, PA 340 41.20 79.43
410 Titusville, PA 372 41.63 79.70
412 Erie (WSO-AP), PA 223 42 .08 80.18
502 Saxton, PA 238 40.20 78.25
504 Tyrone, PA 265 40.67 78.23
506 Weedville, PA 538 41.30 78.48
508 Bradford, PA 652 41.80 78.63
510 Little Valley, NY 480 42.25 78.80
512 Gowanda, NY 262 42.48 78.93
602 York, PA 119 39.92 76.75
604 Newport, PA 116 40.48 77.13
606 Williamsport WSO, PA 186 41.25 76.92
608 Westfield, PA 61 41.98 77 .57
610 Haskinville, NY 500 42.42 77.57
612 Pavilion, NY 287 42.88 78.03
614 Batavia, NY 278 43.03 78.18
702 Reading, PA 82 40.37 75.93
703 Chester, NJ 289 40.78 74.67
704 Freeland, PA 580 41.02 75.90
706 Montrose, PA 475 41.83 75.87
708 Ithaca, NY 293 42 .45 76.45
710 Clyde, NY 128 43.07 76.83
802 Pemberton, NJ 16 39.93 74.70
803 Wertsville, NJ 49 40.45 74.80
804 West Wharton, NJ 223 +40.90 74.60
805 High Point Park, NJ 430 41.30 74.67
806 Mongaup Valley, NY 380 41.63 74.80
807 Downsville Dam, NY 396 42.08 74.97
808 Oneonta, NY 427 42 .47 75.07



Table 2. (cont.)

Site Site Elevation Latitude Longitude
(#) (location) (m, msl) (°N) (°W)
809 Chepachet, NY 403 42 .92 75.12
810 Griffiss AFB, NY 148 43.23 75.40
811 Highmarket, NY 546 43.58 75.52
812 Watertown, NY 97 44 .00 76.02
902 Merrick, Ny 6 40.67 73.52
903 Ft. Lee, NJ 70 40.85 73.97
904 Yorktown Hts, NY 204 41.27 73.80
906 Hudson St. School, NY 18 42.25 73.80
908 Broadalbin, NY 256 43.05 74.20
910 Newcomb, NY 506 43.97 74.10
912 Norfolk, NY 70 44 .80 75.00
002 Greenport, NY 5 41.10 72.37
004 Stafford Sprgs., CT 139 41.95 72.30
006 Wardsboro, VT 424 43.03 72.80
008 Cornwall, VT 150 43.95 73.22
010 Ellenburg Depot, NY 262 44 .90 73.80
102 Providence, RI 16 41.73 71.43
Lawrence, MA 17 42.70 71.17
106 Mt. Washington, NH 1910 44 .27 71.30
107 Gorham, NH 261 44.40 71.18
108 Newport, VT 234 44,93 72.20
Canada
452 Long Point 175 42.60 80.50
454 Port Stanley 213 42 .67 81.15
456 Wilkesport 183 42.70 82.35
552 Vineland 79 43.18 79.40
554 Milton 221 43.52 79.92
555 Waterloo A. 314 43.47 80.38
556 Mt. Forest 415 43.98 80.75
557 Toronto Is. A. 77 42.63 79.40
558 CN Tower 288* 43.65 79.38
559 CN Tower 426* 43.65 79.38
652 Bowmanville 99 43.92 78.67
653 Peterborough A. 191 44,23 78.37
654 Coldwater 280 44 .62 79.53
752 Bloomfield 91 43.98 77.22
753 Kaladar 244 44 .68 77.15
754 Campbellford 175 44 .28 77.78
756 Minden 274 44 .93 78.72



Ground-level measured concentrations (f1/1) for release #1

Table 3.
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